Abstract As an eclipsing polar with 3.39 hrs orbital period, MN Hya was going through state change when we observed it during 2009-2016. 10 new mid-eclipse times, along with others obtained from literature, allow us to give a new ephemeris. The residuals of linear fit show that period decreased during the phase of state change. It means angular momentum was lost during this phase. The X-ray observation indicates the mass accretion rate as about 3.6 × 10 −9 M ⊙ yr −1 . The period decrease gives that at least 60 percent of mass being transfered from secondary was lost, maybe in form of the spherically symmetric stellar wind. In high state, the data shows the intensity of the flickering reduced when system had higher accretion rate, and that flickering sticks out with primary timescale about 2 minutes, which implies the position of the threading point as about 30 radius of the white dwarf above the surface of it. The trend of light curves of the system in high state follows that of low state for a large fraction of phase interval from phase 0 to phase 0.4 since which the cyclotron feature is visible, and the primary intensity hump of light curves near phase 0.7 when the system is in high state did not appear on the curve when it is in low state. Those facts contradict the predictions of the two-pole model.
INTRODUCTION
MN Hya was detected as the optical counterpart of the X-ray source RX J0929.1-2404 and identified as a polar due to the spectral characteristics (Sekiguchi et al., 1994) . As one of the subtypes of cataclysmic variables (CVs), polars are interacting binaries in which mass transfers from a dwarf secondary star to the primary, a magnetic (∼ 10 − 200M G) white dwarf (WD), through Roche lobe overflow. The magnetic field is sufficiently high to prevent the formation of an accretion disc and channels the accretion stream at threading point, then guides the flow plunging into the white dwarf directly around the magnetic pole (Hellier, 2001) . If only one accretion region is visible, we call the behavior as one-pole behavior. In contrast to two-pole behavior, two accretion regions appear alternatively. Because of the variation of mass transfer rate, polars switch irregularly between high state and low state. In high state, polars present fast light intensity variation which is known as flickering. Later, several observations of MN Hya, including photometry, spectrometry, X-ray, and polarimetry, let some authors classify it as a two-pole system. The primary accretion pole, below the orbital plane, appears between phase ∼ 0.5 − 1 and causes the intensity peak near phase 0.7 while the secondary accretion pole contributes its emission all the way (Buckley et al., 1998b) .
Also in X-rays, MN Hya shows a prominent pre-eclipse dip around phase 0.9, but it is not detected in the optical passband with the same depth and phase interval (Buckley et al., 1998a) . Moreover, MN Hya is an eclipsing system with a high orbital inclination of ∼ 75
• (Buckley et al., 1998b) . The eclipsing nature provides a good opportunity to ascertain its geometric structure and evolutionary state, and also to search for circumbinary planets. Since 2009 our group started to detect the secular evolution of CVs and the extrasolar planets around them by the eclipse timing method (e.g. Qian et al. 2009 Qian et al. , 2010 Qian et al. , 2011 Qian et al. , 2015 Qian et al. , 2016 Dai et al. 2009 Dai et al. , 2010 Han et al. 2015 Han et al. , 2016 Han et al. , 2017a .
In this paper we analysis the photometric observations of MN Hya. We give a revised ephemeris and find that the orbital period decreased during the state change. The light curve (LC) of low state presents one hump near phase 0.2 and those of high state show obvious flickering. The paper is organized in the following way. In Sect. 2 the observation of the datasets is described. And a detail analysis is given in Sect. 3. Our main results are summarized in Sect. 4.
OBSERVATIONS
MN Hya was observed since 27, November 2009 by the Roper Scientific, Versarray 1300B camera with a thinned EEV CCD36-40 de 1340 × 1300 pixel CCD chip, attached to the 2.15-m "Jorge Sahade" telescope (JST) at Complejo Astronómico E1 Leoncito (CASLEO), San Juan, Argentina. Later, this binary was monitored during 2012-2016 by using the Danish 1.54-m Telescope at ESO La Silla, Chile. MN Hya was detected photometrically for 12 times with no filter used mostly, apart from one observation through V filter in 17, January 2016. The CCD images were reduced with the help of the aperture photometry package of IRAF (Tody, 1993) . Nearby non-variable stars were chosen as comparison star and check star (the stars marked C and B respectively in figure 2 of Sekiguchi et al. (1994) ), so two sets of different magnitudes of each observation, i.e. the magnitudes of the object and the companion star with respect to that of companion star and check star respectively, were obtained and used for the analysis of the characteristics of the light Mag.
Phase Run0 Run1
Run2 Run3
Run4 Run5
Run6 Run7
Run8 Run9
Run10 Run11 Table 1. curve of the object. An overview of the observation of MN Hya is given in Table 1 . The table lists the information about an observation ID used in this paper, the data of the observation, the state of the object, the time resolution, the telescope and the filter used, and the total phase coverage. 
ANALYSIS

Period Change
From our photometric observation, 10 mid-eclipse times, the average of eclipse ingress and egress, were obtained, and a linear least-squares fit to the timings gives the following eclipsing ephemeris:
HJD min = 2457458.62831(4) + 0.1412437990(31)E (1) Fig. 2 shows the residual (O-C, observed minus calculated) times of the linear fit. The O-C curve indicates that the orbital period decreased during the state change. Because the mid-eclipse time is that of the occultation of the primary by the secondary (Schmidt & Stockman, 2001 ) which can not be effected by the shift of the accretion spot due to the variation of accretion rate, the O-C curve of the system will give the information of orbital evolution. The new data has higher precision, it makes the possibility of analysis the orbital variation. The period decreased as −2.4 × 10 −12 dcyc −1 with the error of 0.7 × 10 −12 dcyc −1 . In the angular momentum conservation case the orbital period increases when mass transfers from the less positive quadratic term. So we infer that the mass transfers from the secondary to the primary accompanied by intense mass loss which carries angular momentum from the system and decreases the orbital period.
In oder to estimate the mass loss fraction from the system during the high state, we need to know the accretion luminosity. The period (P ≈ 3.39h) implies that the secondary has mass M 2 = 0.22M ⊙ and radius R 2 = 0.32R ⊙ (Knigge & Christian 2010) . Considering of the inclination of system i = 75
• and the phase width of eclipse about 0.036, we deduce the mass ratio (q = M 2 /M 1 ) as about 0.38 (Horne, 1985) which gives the primary with mass M 1 = 0.58M ⊙ and radius R 1 = 0.88 × 10 9 cm (Nauenberg, 1972) . The 0.1 − 2.4keV luminosity is about 9 × 10 32 ergs −1 (Ramsay & Wheatley, 1998) , with the addition of the soft X-ray excess ( Buckley et al., 1998a) and assuming L brems = L cycs , we derive that the luminosity of accretion is about L acc = 2 × 10 34 ergs −1 which gives the mass accretion rate oḟ
with Kepler's law and assuming mass loss rateṀ = αṀ 2 , we can writė
where M = M 1 + M 2 is the mass of the system and J = M 1 M 2 Ga/M is the angular momentum of system.J/J term consists of the angular momentum loss due to mass lost from system and redistribution of mass between two components. The first factor (denoted as loss-term) can be expressed by
in terms of the effective decoupling position r de :
where r 1 is the line length from one of components to the mass center of system (COM), r 2 is that from the decoupling point to this component, and ∆θ is the angel between the two lines assuming 0 degree corresponding to the decoupling point in the opposite direction to COM. And the second (denoted as synterm) can be calculated using
with
giving the distance of the Lagrangian radius (R L1 , Plavec & Kratochvil 1964) to COM.
Substituting the parameters into the equations above deduces
The constraint α < 1 gives r de /a > 0.81 which implies the mass lost from the secondary. Note that the shortest length scale of the decoupling point to the COM only depends on the mass ratio, i.e., it is independent of the variation of period, mass accretion rate or other physical parameters. The maximal length scale of system about 1.2a, corresponding to the distance of Lagrangian point L2 to COM, shows the minimal mass loss fraction α as about 60%, which reveals that the mass transfer rate from the secondary is about 6 × 10 −9 M ⊙ yr −1 at least. The Alfven radius, considering the equivalence of ram pressure of flow and the magnetic pressure of field, is given by (Frank et al., 2002) r A = 2.9 × 10 8 M
from which we can estimate Alfven radius r A is about 1.02a. The magnetosphere centered the primary can cover about 42% surface area of the secondary, which can cause the mass loss fraction of about 58% if the secondary ejects matter symmetrically, such as the global intense wind. This kind of activity can produces mass loss fraction of about 58% that is very close to the mass loss fraction α ∼ 60% if mass is lost through the L 2 . Whatever, we can see that the mass loss fraction is very large and any model not taking mass loss into account should be unreality.
The characteristic of light curve
Now we describe the characteristics of the LCs more carefully and analysis the reasons for corresponding variation. And the analysis of the rapid light intensity is given in Subsection 3.3.
(a) Fig. 3 shows the details of high-state LCs. Some LCs show the conspicuous pre-eclipse light decrease, such as near phase 0.85 in Run6 and phase 0.89 in Run9. It is reminiscence of the X-ray pre-eclipse dip but with less phase extension. Also the eclipse profile variates significantly, especially that of Run8. The intensity during the eclipse of Run8, after a possibly flat base ahead of the slow decrease, rises slowly up, which indicates that some part of the accretion flow became brighter and system had higher mass transfer rate. The smoothed increase and decrease of light during eclipse mean that the fast Sekiguchi et al. (1994) ; (2) Our observations. significant variation of the mass accretion rate during high state.
(b) In Fig. 4 , all data were shifted by the average magnitude between phase 0.07-0.09. Refer to Fig. 1 , we can find most high-state LCs follow the LC of Run11 very well during phase ∼ 0− ∼ 0.4, except those of Run5 and Run6. The reason of their deviation, we think, is due to instability of the system at the beginning of high state, such as Run2 which gives the light intensity variation of system at start of leaving low state.
The large phase interval φ f ∼ 0.4 suggests that the only reasonable source giving rise to the hump near phase 0.2 is the WD itself. So from the shifting value of LCs, we can deduce the optical temperature relation of WD between low and high state. Assuming black body radiation and using the magnitude formula, we can get
where m, S,T is respectively the magnitude, projected surface area and mean temperature of the system, and L, H denote low and high state respectively. Considering, during phase 0-0.4, the dominating optical radiation of the WD and the spherical symmetry of that, the projected surface area is constant at certain phase, then we find
where ∆M ag is the amount of translation for high-state LCs to overlap that of Run11. With 
Flickering
Even the LCs of intermediate state has less phase coverage than others, we can find the flickering only sticks out in high state, which indicates that the flickering accompanies high accretion rate and reminds us that transfer of material from the secondary is turbulent. In order to make clear the characteristics of the optical flickering of MN Hya, we analysis the spectrum of the LCs with enough phase coverage, the timescale of light intensity variation and the magnitude of the flickering in different parts of these LCs.
The data of each run were subjected to period searches using a discrete Fourier transform (DFT) and the phase dispersion minimization (PDM) methods (Stellingwerf 1978 , or Dai et al. 2016 , 2017 as reference). PDM method provides the similar result. This result manifests the rapid time variation is random, which is same as the characteristic of X-ray (Buckley et al., 1998a) . But the system shows obvious evidence for brightness variations on timescale of minutes, the explains maybe that there are some oscillations which last for only few phase interval and then die away to be replaced by other oscillations with a different period or at different phase.
In order to find the characteristic timescale, we need to count up the number of different timescales. The of atmospheric seeing which can cause saw-toothed variation in adjacent sequence, we use moving average with 3 points to smooth the raw data of each run; then mark all the local extrema (maxima and minima), using which we give the histogram of the timescales between the extrema of the same type. As shown in Fig. 6 , we find the dominating variation timescale as about 2 minutes, which is typical timescale in X-ray of other systems, such as EF Eri (Patterson et al., 1981) (period 6 min), VV Pup (Maraschi et al., 1984) (period 3 min), ST LMi (Beuermann & Stella, 1985) (period 1 min). If these variations occur at the threading point where the matter is channeled by magnetic filed, the timescale for Alfvén wave caused by instable accretion to cross the magnetosphere is
where r 8 is the radius (in units of 10 8 cm, denoted as r t below) of the threading point, L 34 is the luminosity in units of 10 34 ergs −1 , f is the fraction of the stellar surface where the accretion matter flows, M 1 is the WD mass in units of solar mass, R 8 is the radius of the WD in units of 10 8 cm, and B 7 is the surface magnetic field strength in units of 10 12 G. Adopting f ≈ 0.004 (Schmidt & Stockman, 2001) , B = 40M G (Buckley et al., 1998b) , and other parameters mentioned earlier, we find the r t estimated for the timescale of 2 min as 2.8 × 10 10 cm or 30R 1 (0.62R L1 ). Comparing with the Alfvén radius, this length scale is much smaller, but is similar with that of AR UMa (r t ≈ 0.6 − 0.7R L1 ) shown on Doppler tomograms (Hoard, 1999) , although the latter system has highest magnetic field. If the optical flickering is caused by the wobbling of threading point, the impact of the magnetic field strength on the position of that is very In order to quantify the flickering intensity, we remove the trend from the raw data using 30 points moving average method and calculate the standard deviation of the detrending data as the flickering intensity. Table 3 shows the flickering intensity corresponding to different phase interval, considering the two-pole model where Source1, Source2 and Total represent phase 0.03-0.4, 0.4-0.97 and all phase coverage, respectively. From this table, we can find the flickering intensity of Source1 is less than that of Source2 and that the flickering intensity reduces when the high-state system has higher accretion rate, such as Run8. with high velocity will pass through the Alfven radius freely. When matter flow reaches the threading point which has hight of ∼ 30R 1 above the surface of WD, it will be threaded by the magnetic field. As the system is in high state, the accretion rate still variates which can trigger the instability of the accretion column, and then a Alfven wave will arise from the column and travel through accretion stream to the threading point. This wave causes the instability of the threading point whose wobbling could modulate the mass accretion rate then give rise to fluctuation which causes the flickering.
In summary, the optical observations of the eclipsing polar MN Hya for 12 times during 2010-2016, with the addition of other observations, enable us get the following results:
1. A revised ephemeris is given based on 10 more mid-eclipse times, along with others obtained from literature and the quadratical fit to new data shows the period decreased during the state change as −2.4 × 10 −12 dcyc −1 , which can not be explained in the angular momentum conservation case. The X-ray observation of other authors implies the accretion rate as about 3.6 × 10 −9 M ⊙ yr −1 during high state.
Those indicate the minimal distance of the decoupling point to the COM is about 0.81a which implies the mass lost from the secondary. And the magnetosphere covers about 42% surface area of the secondary, which can cause the mass loss fraction of 58% if the secondary goes through an intense stellar wind globally. This kind of mass loss fraction is very close to that deduced from losing mass through L2. The mass loss fraction is about 60 percent at least, so any model not taking into the effect of mass lost should be unrealistic.
2. The primary timescale of the flickering is about 2 minutes, which implies the threading point is about 30R 1 above the surface of the WD. Within the high state, the flickering sticks out, and springs from the modulation of the accretion rate due to the wobbling of the threading point; also the data shows the intensity of flickering reduces when the system has an increasing accretion rate.
3. In the frame of two-pole model, the dominate accretion region is nearly face on to us near phase 0.7.
Considering the continuing mass transfer during low state, this model predicts that the low-state LC should show intensity hump near phase 0.7, which contradicts the observation. The high-state LCs follow the shifting low-state LCs from phase 0 to phase 0.4, such large fraction of phase indicates the hump near phase 0.2 is caused by the WD itself rather than a tiny accretion region, which also does not conform to two-pole model. These two facts make the two-pole model less convincing.
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